cGMP-dependent protein kinase phosphorylates p21-activated kinase (Pak) 1, inhibiting Pak/Nck binding and stimulating Pak/vasodilator-stimulated phosphoprotein association.
Endothelial cells are normally non-motile and quiescent; however, endothelial cells will become permeable and invade and proliferate to form new blood vessels (angiogenesis) in response to wounding, cancer, diabetic retinopathy, age-related macular degeneration, or rheumatoid arthritis. p21-activated kinase (Pak), an effector for the Rho GTPases Rac and Cdc42, is required for angiogenesis and regulates endothelial cell permeability and motility. Although Pak is primarily activated by Rac and Cdc42, there are additional proteins that regulate Pak activity and localization, including three AGC protein kinase family members, Akt-1, PDK-1, and cAMP-dependent protein kinase. We describe phosphorylation and regulation of Pak localization by a fourth AGC kinase family member, cGMP-dependent protein kinase (PKG). Using in vitro mapping, a phosphospecific antibody, co-transfection assays, and untransfected bovine aortic endothelial cells we determined that PKG phosphorylates Pak at serine 21. Phosphorylation was accompanied by changes in proteins associated with Pak. The adaptor protein Nck was released, whereas a novel complex with vasodilator-stimulated phosphoprotein was stimulated. Furthermore Ser-21 phosphorylation of Pak appears to be important for regulation of cell morphology. In both human umbilical vein endothelial cells and HeLa cells, activation of PKG in the presence of Pak stimulated tail retraction and cell polarization. However, in cells expressing S21A mutant Pak1, PKG activation or treatment with a peptide that blocks Nck/Pak binding caused aberrant cell morphology, blocked cell retraction, and mislocalized Pak, producing uropod (tail-like) structures. These data suggest that PKG regulates Pak and that the interaction plays a role in tail retraction.